Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/US04/024955 
International filing date: 30 July 2004 (30.07.2004) 



Document type: Certified copy of priority document 

Document details: Country/Office: US 

Number: 60/492,160 

Filing date: 3 1 July 2003 (3 1 .07.2003) 



Date of receipt at the International Bureau: 17 September 2004 (17.09.2004) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propria Intellectuelle (OMPI) - Geneve, Suisse 



0 



Piease type a plus sign (+) inside this box 

PTO/SB/16 (02-01) 
Approval for use through 10/31/2002. OMB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

PROVISIONAL APPLICATION FOR PATENT COVER SHEET 

T his is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53 (c). 
I Express Mail Label No. EV343556139US I 



o 



INVEWTOR(S) 



Given Name {first and middle pf any]) 



Family Name or Surname 



Residence 
(City and either State or Foreign Country) 



CM 



Hans 
Berry 
Marco 



van Toor 
van Rossum 
Kruidenberg 



Zoetermeer, The Netherlands 
Hoogvliet, The Netherlands 
Oostvoorne, The Netherlands 



IOC 
CDS 



□ Additional inventors are being named on the 



separately numbered sheets attached hereto 



TITLE OF THE INVENTION (280 characters max) 



LOW-TEMPERATURE HYDROGENATION, E.G., OF EDIBLE OILS, AND LOW-TEMPERATURE 
HYDROGENATION CATALYST COMPOSITIONS 



CORRESPONDENCE ADDRESS 

Direct all correspondence to: 
Customer Number 

OR 



Type Customer Number here 



25096 

PATENT TRADEMARK OFFICE 



I — | Firm or 

I — I Individual Name 


Perkins Coie LLP 


ENCLOSED APPLICATION PARTS (check ail that apply) 



S Specification Number of Pages 36 
^| Drawing(s) Number of Sheets 1 
Q Application Data Sheet. See 37 CFR 1.76 



□ CD(s), Number 
Other (specify) 



Postcard 
Check 



METHOD OF PAYMENT OF FILING FEES FOR THIS PROVISIONAL APPLICATION FOR PATENT 



□ Applicant claims small entity status. See 37 CFR 1.27. 
^) A check or money order is enclosed to cover the filing fees 

[X] The Commissioner is hereby authorized to charge and additional filing 

fees or credit any overpayment to Deposit Account No. 50-0665 
D Payment by credit card. Form PTO-2038 is attached. 



FILING FEE 
AMOUNT ($) 

$160.00 



The invention was made by an agency of the United States Government or under a contract with an agency of 
the United States Government. 
El No. 

□ Yes, the name of the U.S. Government agency and the Government contract number are: . 



Respectfully submitti 
SIGNATURE 



Date 



July 31, 2003 



typed or printed name Stephen E. Arnett 
telephone (206) 583-8888 



REGISTRATION NO. 
(if appropriate) 



47,392 



Docket Number: 



334498005US 



USE ONLY FOR FILING A PROVISIONAL APPLICATION FOR PATENT 

This collection of information is required by 37 CFR 1.51. The information is used by the public to file (and by the PTO to process) a provisional application. 
Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 8 hours to complete, including gathering, preparing, and submitting 
the complete provisional application to the PTO. Time win vary depending upon the individual case. Any comments on the amount of time you require to complete this 
form and/or suggestions (or reducing this burden, should be sent to the Chief Information Officer. U.S. Patent and Trademark Office. U.S. Department of Commerce 
Washington. D.C., 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Box Provisional Application Commissioner for Patents, 
Washington. D.C. 20231. 



Q:\CB8nts\CargilW005W005US\PRO Transmittal.doc 



EXPRESS MAIL NO. EV343556139US 

LOW-TEMPERATURE HYDROGENATION, E.G., OF EDIBLE OILS, AND LOW- 
TEMPERATURE HYDROGENATION CATALYST COMPOSITIONS 

TECHNICAL FIELD 

loooi] The present invention relates generally to hydrogenation processes and 

hydrogenation catalysts. The methods and catalyst compositions described 
below have particular utility in connection with hydrogenation of edible and non- 
edible oils. 

BACKGROUND 

[0002] Most seed oils and vegetable oils, such as soybean oil, canola oil, corn oil, 

sunflower oil, palm oil, or linseed oil, contain a variety of saturated and 
unsaturated fatty acids. The fatty acid profiles of oils commonly vary by source, 
but typically include a variety of saturated fatty acids, such as palmitic acid 
(C16:0) and stearic acid (C18:0); some monounsaturated fatty acids such as oleic 
acid (C18:1) and erucic acid (C22:1); and polyunsaturated fatty acids including 
linoleic acid (C18:2) and linolenic acid (C18:3). (The Cx.y designation refers to 
fatty acids wherein x is the number of carbon atoms and y is the number of double 
bonds.) 

[0003] Polyunsaturated fatty acids, particularly linolenic acid (C18:3), have been 

found to lead to unacceptable rancid flavors in oil during baking, frying, etc. High 
contents of linolenic acid can also render edible oils unstable and can easily be 
oxidized during cooking and storage, which compromises the sensory 
characteristics of foods cooked in such oils. Many food oils are hydrogenated to 
increase stability by reducing the amount of linolenic acid and increasing 
saturated and monounsaturated fatty acids. For example, the maximum desirable 
linolenic acid content for many commercial frying oils is about two weight percent 
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of the total fatty acid content of the oil, with a low frans-fatty acid content being 
preferable. 

[0004] A variety of hydrogenation catalysts are known in the art. Each of them 

has its shortcomings, though. Some particularly active catalysts, such as 
platinum or palladium, are able to hydrogenate food oils at relatively low 
temperatures, e.g., room temperature, but they generally are not very selective. 
As a consequence of unselective hydrogenation, a hardened fat that is solid at 
room temperature often will be achieved before C18:3 content of canola oil or 
soybean oil, for example, is reduced to two percent. Consequently, such catalysts 
are unsuitable for producing a commercial pourable frying oil that is semi-liquid at 
room temperature. 

[0005] Nickel-based catalysts are significantly more selective, tending to 

hydrogenate trienic fatty acids at a higher rate than dienic or monoenic fatty acids. 
Most commercially available nickel-based hydrogenation catalysts comprise 
nickel on a relatively inert carrier, such as silica or alumina. The properties of 
nickel-based catalysts may be adjusted by additions of minor amounts of other 
metals, such as copper or even minor amounts of platinum or palladium. 
Commercially available nickel-based catalysts used in hydrogenating food oils, for 
example, are typically sold with the nickel-based catalysts distributed in a fully 
hardened fat matrix. 

[0006] Nickel-based catalysts or inert carriers tend to be significantly more 

selective than platinum and palladium, for example, but typically require either 
high temperatures or electrolysis to drive the hydrogenation reaction. In the 
absence of electrolysis, nickel-based catalysts typically require temperatures of 
100° C or more to conduct hydrogenation at an acceptable rate, with many 
commercial hydrogenation processes being conducted at 120° C or higher. 
Conducting hydrogenation at such high temperatures, however, tends to increase 
the formation of frans-fatty acids. For example, commercially available 
hydrogenated semi-liquid frying oils based on canola or soybean oil and having 
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C18:3 levels of 2% or less will typically have at least 15% of the fatty acids in the 
trans form, with frans-fatty acid contents of 20% or higher being commonplace. 
[0007] Electrolytic hydrogenation using nickel catalysts can be conducted at 

relatively low temperatures, e.g., room temperature, but have limited use for 
commercial production of hydrogenated food oils. In electrolytic applications, the 
nickel catalyst is typically a monolithic block of nickel that can be electrically 
connected to a power source to serve as a cathode. An anode is spaced from the 
nickel cathode. Food oils tend to be fairly good dielectrics and prevent the 
formation of an electrical circuit between the cathode and the anode. To render 
the food oils conductive, they typically must be emulsified in a conductive medium 
(e.g., saline solution or formic acid) or mixed with a solvent (e.g., alcohol or 
ketones). Adding and subsequently removing such conductive agents drives up 
the cost of the hydrogenation process and may render the resultant product less 
desirable as a food oil. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figure 1 is a schematic illustration of a catalyst activation system in 

accordance with one embodiment of the invention. 
[0009] Figure 2 is a schematic illustration of a hydrogenation system in 

accordance with another embodiment of the invention. 

DETAILED DESCRIPTION 
A Overview 

[0010] Various embodiments of the present invention provide methods for 

activating nickel-based hydrogenation catalysts, catalyst compositions including 
activated nickel-based hydrogenation catalysts, and methods for hydrogenating 
an unsaturated feedstock, e.g., an edible oil. The following text discusses 
aspects of the invention in connection with Figures 1 and 2 to provide a thorough 
understanding of particular embodiments. A person skilled in the art will 
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understand, however, that the invention may have additional embodiments, or that 
the invention may be practiced without several of the details of the embodiments 
shown in Figures 1 and 2. 

[0011] One embodiment of the invention provides a method for hydrogenating an 

unsaturated feedstock. In accordance with this method, an activated catalyst 
composition is produced by heating a nickel-based catalyst to a first temperature 
of at least about 100° C in the presence of hydrogen and a fat component. The 
unsaturated feedstock may then be contacted with the activated catalyst 
composition and hydrogenated by sustaining a hydrogenation reaction at a 
second temperature of no greater than about 70° C. In this embodiment, the 
feedstock may comprise at least one polyunsaturated hydrocarbon. 

[0012] Another embodiment of the invention provides a method of hydrogenating 

an oil having an initial Iodine Value and including an initial fatty acid content, with 
at least about four percent of the initial fatty acid content comprising C18:3. In 
accordance with this method, a nickel-based catalyst is dispersed in the oil and 
hydrogen is delivered to the oil. The oil is hydrogenated at a hydrogenation 
temperature no greater than about 70° C for a hydrogenation time to yield a 
hydrogenated oil having a modified Iodine Value and including a modified fatty 
acid content. The hydrogenated oil in this embodiment is at least semi-liquid at 
25° C. An absolute difference between the initial and modified Iodine Values 
divided by the hydrogenation time defines an average Iodine Value change rate of 
no less than about 5/hour. No more than about 2.5% of the modified fatty acid 
content comprises C18:3 and no more than about 6% of the modified fatty acid 
content comprises frans-fatty acids. A substantially platinum-free hydrogenation 
catalyst composition in accordance with another embodiment of the invention 
includes a solid hydrogenated fat matrix and a nickel-based catalyst dispersed in 
the hydrogenated fat matrix. The nickel-based catalyst is adapted to sustain, in 
the presence of hydrogen, a hydrogenation reaction of a dielectric oil comprising 
polyunsaturated fatty acids at a temperature of no greater than about 50° C. 
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[0013] For ease of understanding, the following discussion is subdivided into two 

areas of emphasis. The first section discusses aspects of processes for 
activating hydrogenation catalysts and catalyst compositions including activated 
catalysts in accordance with selected embodiments of the invention. The second 
section outlines hydrogenation methods in accordance with other aspects of the 
invention. 

B. Catalyst Activation and Catalyst Compositions 

[0014] Select embodiments of the present invention provide activated catalyst 

compositions suitable for use in hydrogenation reactions and methods for 
producing such activated catalyst compositions. Figure 1 schematically illustrates 
one possible catalyst activation system 10 useful for forming an activated catalyst 
composition in some embodiments of the invention. The catalyst activation 
system 10 includes a catalyst activation vessel 20 having walls 22 defining an 
interior 24. A nickel-based catalyst may be delivered to the vessel interior 24 
from a catalyst supply 40 via a catalyst delivery line 42. A fat component may be 
delivered to the vessel interior 24 from a fat supply 50 via a delivery line 52. 
Hydrogen, e.g., hydrogen gas, may be delivered to the vessel interior 24 from a 
hydrogen supply 60 via a hydrogen delivery line 62. 

[0015] An agitator 26 in the vessel interior 24 may enhance distribution of 

hydrogen and the nickel-based catalyst throughout the fat component during the 
activation process. The agitator 26 is schematically illustrated as a rotating set of 
paddles or blades, but those skilled in the art will recognize that any of a variety of 
systems may be used to distribute the hydrogen and the nickel-based catalyst 
throughout the fat component. 

[0016] The catalyst reaction system 10 may also include a heater 35 operatively 

coupled to the catalyst activation vessel 20 to control the temperature of the 
material in the vessel interior 24. The same heater 35 or separate heaters (not 
shown) may also be coupled to one or more of the catalyst supply 40, fat supply 
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50, and hydrogen supply 60. The catalyst activation vessel 20 may also include a 
pressure control 27 adapted to monitor the pressure within the vessel interior 24 
and control a vent valve 29 in a vent line 28 adapted to release excess hydrogen 
and other gases (e.g., water vapor generated during the activation process) from 
the vessel 20. A vessel outlet 30 may be used to remove the activated catalyst 
from the vessel interior 24. As noted below, the outlet 30 may communicate 
directly with a catalyst composition supply 140 in the hydrogenation system 100 of 
Figure 2 (discussed below) or send the catalyst to a storage vessel (not shown) 
for later use. 

[0017] The catalyst reaction system 10 also includes a controller 70 adapted to 

control aspects of the catalyst reaction system 10. The controller 70 may be 
operatively coupled to one or more of the agitator 26, pressure control 27, vent 
valve 29, heater 35, catalyst supply 40 or delivery line 42, fat supply 50 or 
delivery line 52, and hydrogen supply 60 or delivery line 62. In one embodiment, 
the controller 70 comprises at least one computer having a programmable 
processor programmed to control operation of these components to form an 
activated catalyst composition. 

[0018] The nickel-based catalyst in the catalyst supply 40 may comprise any of a 

variety of conventional nickel-based catalysts. In one embodiment, the nickel- 
based catalyst comprises nickel carried on an inert support, e.g., alumina or silica. 
In some of these implementations, nickel may comprise about 25-75 weight 
percent, e.g., about 50-65 weight percent, of the nickel-based catalyst. Typically, 
at least some of the nickel will be present as NiO. In some embodiments, 
substantially all of the nickel is present as NiO, as in the case of nickel catalysts 
that have been calcined in air. In other embodiments, about 30-60% of the weight 
of the nickel is nickel metal and the balance of the weight of the nickel is 
contained in NiO. 

[0019] In some embodiments, substantially all of the metal carried on the inert 

support may comprise nickel. In other embodiments, minor amounts of copper or 
other metals may be added to control activity, selectivity, or other properties of the 
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catalyst. In select implementations, the nickel-based catalyst may be at least 
substantially free of platinum, palladium, or ruthenium. Nickel catalysts on inert 
supports expected to suffice for this purpose are commercially available from 
Degussa AG of Frankfurt, Germany, among others. 
[0020] The fat component in the fat supply 50 may be any of a variety of fat 

compositions. Although the fat in the fat supply 50 may be substantially 
saturated, many of the embodiments of the invention will employ an unsaturated 
fat. As noted below, some embodiments of the invention employ catalyst 
compositions having relatively low melting points. In such embodiments, the 
melting point of the catalyst composition produced in the catalyst activation 
system 10 may depend in large part on the composition of the fat in the fat supply 
50. 

[0021] The fat in the fat supply 50 may comprise seed oil or vegetable oil or a 

blend of seed oil(s) and/or vegetable oil(s). Catalyst compositions with relatively 
low melting points, for example, may be formed using coconut oil in the fat supply 
50. In other embodiments, the oil selected for the fat supply 50 may be the same 
type of oil that is to be hydrogenated in the hydrogenation system 100 (Figure 2, 
discussed below). Hence, if the catalyst composition produced in the catalyst 
activation system 10 is to be used to hydrogenate soybean oil, the fat supply 50 
may contain or consist essentially of soybean oil. This avoids the contamination 
that results from using a fat in the catalyst composition different from the oil being 
hydrogenated with the catalyst composition. 

[0022] In the embodiment shown in Figure 1 , there is a separate catalyst supply 

40 and fat supply 50. In such an embodiment, the nickel-based catalyst in the 
catalyst supply 40 may comprise both a nickel-based catalyst as described above 
and a fat, e.g., a fully hardened seed oil or vegetable oil. Such nickel-based 
catalyst formulations are commercially available from a variety of sources, 
including products sold by Johnson Matthey Pic of London, UK under the trade 
name PRICAT. If the catalyst supply 40 includes sufficient fat to form the desired 
catalyst composition, the separate fat supply 50 may be omitted, essentially 
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combining the catalyst supply 40 and the fat supply 50 into a single supply. In 
other embodiments, the fat supply 50 may provide a source of additional fat and 
both the fat-containing catalyst formulation in the catalyst supply 40 and 
additional fat from the fat supply 50 may be delivered to the catalyst activation 
vessel 20. 

[0023] If so desired, the hydrogen supply 60 may include a gas, e.g., a reducing 

gas, other than or in addition to hydrogen. For example, the hydrogen supply 60 
may include a supply of hydrogen gas and a separately controllable supply of 
ammonia (not shown) or other nitrogen-containing gas. In a preferred 
embodiment of the invention, though, the gas in the hydrogen supply 60 is 
substantially nitrogen-free and may consist essentially of hydrogen (e.g., 
commercial grade, as opposed to laboratory grade, hydrogen). 

[0024] Some embodiments of the invention provide methods for producing an 

activated catalyst composition. In the following discussion, reference is made to 
the catalyst activation system 10 shown schematically in Figure 1. It should be 
understood, though, that reference to this particular system is solely for purposes 
of illustration and that the activation methods outlined below are not limited to the 
particular system shown in Figure 1 or discussed above. 

[0025] A method in accordance with one embodiment produces an activated 

catalyst composition by contacting a fat component with a nickel-based catalyst in 
the presence of hydrogen at an activation temperature. The fat component may 
comprise oil or other fat delivered to the vessel interior 24 from the fat supply 50 
via delivery line 52. In one embodiment, the fat may be delivered to the vessel 
interior 24 and heated to the activation temperature by the heater 35 in the vessel 
interior 24 before the nickel-based catalyst is added. In other embodiments, the 
fat component may be pre-heated before it is delivered to the vessel interior 24 
and the heater 35 may simply be used to maintain the reactants in the vessel 
interior 24 at the desired reaction temperature. 

10026] The controller 70 may monitor and control the pressure in the vessel 

interior 24 via the pressure controller 28. In one embodiment, the pressure in the 
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vessel interior is sub-atmospheric or higher, e.g., 1-25 bar. In some 
embodiments, the pressure in the vessel interior 24 may vary depending on the 
state of the process. For example, the pressure in the vessel interior 24 may be 
maintained below atmospheric pressure for a period of time after the fat is 
introduced to the vessel interior 24 to outgas air and other dissolved gases in the 
fat. Alternatively, or in addition to such sub-atmospheric outgassing, the fat may 
be purged, e.g., with nitrogen, to remove oxygen from the fat 

[0027] The nickel-based catalyst may be delivered to the vessel interior 24 via the 

catalyst delivery line 42. In one embodiment, the nickel-based catalyst is added 
to a quantity of fat component in the vessel 20 when the fat component is at the 
desired activation temperature. In other embodiments, the nickel-based catalyst 
may be added prior to reaching that temperature. The agitator 26 may intermix 
the nickel-based catalyst with the fat component, effectively distributing the nickel- 
based catalyst within the fat component. 

[0028] The heater 35 may be used to maintain the temperature of the reactants in 

the vessel interior 24 at the desired activation temperature. If the fat in the fat 
supply 50 is unsaturated, contact with the nickel-based catalyst in the presence of 
hydrogen from the hydrogen supply 60 will cause an exothermic hydrogenation 
reaction. As a result, the reaction may proceed with no additional heat from the 
heater 35 and the temperature may climb during this hydrogenation process. The 
activation temperature is desirably at least about 100° C. It is anticipated that the 
reaction rate may be substantially higher at higher temperatures, which may be at 
least about 150°, e.g., at least about 200° C. In one exemplary embodiment, the 
activation temperature is about 150-200° C. The length of time at which the fat is 
exposed to hydrogen at the activation temperature would depend, in part, on the 
activation temperature. For example, the activation process may continue for five 
minutes or longer, e.g., 5-120 minutes, with longer times typically being employed 
at lower activation temperatures. 

[0029] After heating, the reactants in the vessel interior 24 may be cooled to a 

lower temperature. For example, the reactants may be cooled to room 
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temperature, e.g., 20-25° C, for storage and future use or, if the reactants are to 
be directly added to a hydrogenation vessel (124 in Figure 2), to an intermediate 
temperature, e.g., 120° C. It appears that cooling these reactants in a reducing 
atmosphere (a hydrogen atmosphere has been used in tests to date) can 
significantly improve the hydrogenation activity of the activated catalyst 
composition. In select embodiments of the invention, the cooling is conducted 
under a superatmospheric hydrogen pressure, e.g., 2 bar. It is anticipated that 
higher hydrogen pressures during cooling may further enhance the hydrogenation 
activity of the catalyst composition. In one particular embodiment, the reactants 
are cooled to an intermediate temperature close to room temperature, e.g., 35°C, 
under a hydrogen atmosphere, then allowed to cool from the intermediate 
temperature to room temperature in another atmosphere, e.g., air. In one 
embodiment, the intermediate temperature is less than the melting point of the fat 
in the catalyst composition. 

[0030] The activation process may generate water vapor. This water vapor can be 

removed from the vessel 20, e.g., by venting the headspace through vent line 28 
or via a condensation system (not shown). 

[0031J Aspects of select catalyst activation processes in accordance with the 

invention are illustrated in the following examples: 

Catalyst Activation Example 1 

[0032] A first exemplary catalyst composition was formed by adding 40g of 

PRICAT 9920 to a round-bottom 250ml flask. The PRICAT 9920, which is 
commercially available from Johnson Matthey Pic, is nominally about 22 weight 
percent total nickel on an alumina support coated with a hardened vegetable fat 
as a protective medium. The hardened vegetable fat has a melting point (as 
measured under ISO 6321, "Melting Point in Open Capillary Tubes (Slip Point)") 
of about 56-69° C. The catalyst composition was heated in the flask at 
atmospheric pressure with a hydrogen gas flow of approximately 1 liter per minute 
to a temperature of about 200° C while stirring. The catalyst composition was 

[33449^005-USOOOQ/St031760.307l -10- 7/31/03 



stirred at that temperature and hydrogen flow rate for about 90 minutes. The 
hydrogen pressure was increased to about 2 bar and the hydrogen flow was 
stopped. The catalyst composition was cooled to about 20° C, yielding a solid 
catalyst composition. 

Catalyst Activation Example 2 

[0033] A second exemplary catalyst composition was formed using substantially 

the same process as that outlined in Catalyst Activation Example 1 , except that 
about 40g of coconut oi! was added to the flask with the 40g sample of PRICAT 
9920. The resultant activated catalyst composition was solid at 20° C and the fat 
in the catalyst composition but had a melting point of about 50° C. 

[0034] Once the activation process is complete, the activated catalyst composition 

may be removed from the vessel 20, e.g., via outlet 30. In one embodiment, the 
activated catalyst composition may be delivered directly from the vessel 20 to the 
catalyst composition supply 140 of the hydrogenation system 100, discussed 
below. In such an embodiment, the activated catalyst composition may be 
delivered to the hydrogenation system 100 at an elevated temperature, e.g., at the 
activation temperature or, more generally, about 100-200° C. In other 
embodiments, the activated catalyst composition may be allowed to cool in a 
separate system to a lower temperature, e.g., 20-25° C, and stored for an 
extended period of time. Maintaining a hydrogen atmosphere during cooling may 
permit longer storage times without undue loss in activity. This is in contrast to 
some conventional processes, which may cool current commercial catalysts in a 
nitrogen or air atmosphere. 

[0035] It has been found, for example, that the low temperature-hydrogenation 

capabilities of the activated catalyst composition of some embodiments can be 
maintained after storage at 20-25° C for two weeks or longer. It is anticipated that 
this relatively long activated shelf life will enable activated catalyst compositions 
in accordance with embodiments of the invention to be sold commercially to third 
parties for use in hydrogenation reactions. The activated catalyst composition 
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may be stored as a relatively large block or may be divided into smaller particles 
to facilitate distribution of the activated catalyst composition in the feedstock to be 
hydrogenated. 

Other embodiments of the invention provide activated catalyst 
compositions. In certain embodiments, the activated catalyst compositions are 
prepared in accordance with the activation processes outlined above. In an 
embodiment of the invention, the activated catalyst composition is adapted to 
hydrogenate an unsaturated fatty acid component of a seed oil or vegetable oil, 
for example, at a temperature below that conventionally understood to be 
necessary for commercial hydrogenation. Although the catalyst composition may 
comprise only the nickel-based catalyst, activated catalyst compositions in 
accordance with preferred embodiments of the invention include a nickel-based 
catalyst dispersed in a fat matrix. The fat matrix may comprise a substantially 
saturated fat, e.g., a hydrogenated fat produced using a seed oil or vegetable oil 
as the fat component in the activation processes outlined above. 
[0037] The nickel-based catalyst in the activated catalyst composition is adapted 

to sustain, in the presence of hydrogen, a hydrogenation reaction of a 
composition containing polyunsaturated fatty acids at a hydrogenation 
temperature no greater than about 70° C, preferably 50° C or less. In select 
embodiments, the nickel-based catalyst is adapted to sustain such hydrogenation 
at a hydrogenation temperature of about 20-50° C, e.g., about 30-50° C. 
[0038] The relative proportions of the nickel-based catalyst and the fat component 

may vary significantly depending on such factors as the nickel content of the 
nickel-based catalyst and the desired total nickel content of the activated catalyst 
composition. In one embodiment, the total nickel content of the activated catalyst 
composition is no greater than about 25 weight percent and may advantageously 
be 22 weight percent of the catalyst composition. (As used herein, the term "total 
nickel content" refers to the total weight of nickel in the nickel-based catalyst or 
the catalyst composition. For example, if some of the nickel in the nickel-based 
catalyst is present as NiO, the total nickel content would include the weight of the 
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nickel in the NiO, as well.) Catalyst compositions having total nickel contents as 
low as about 1 weight percent may be employed in some circumstances. 
Preferably, though, the total nickel content in the catalyst composition is higher 
than that. Hence, in one embodiment, the total nickel content is about 2-50 
weight percent, e.g., between about 2 and about 35 weight percent, with a range 
of about 2*25 weight percent being useful for many embodiments. 
10039) Activated catalyst compositions in accordance with embodiments of the 

invention can be used advantageously in a variety of hydrogenation reactions. 
For example, activated catalyst compositions in accordance with aspects of the 
invention have particular utility in hydrogenation of seed oils and vegetable oils. 
As explained below, these activated catalyst compositions can hydrogenate such 
oils at temperatures lower than conventionally understood to be necessary for 
hydrogenation at commercially acceptable rates, which can limit formation of 
frans-fatty acids. 

C. Methods for Hvdroaenatina Edible Oils 

[0040] Other embodiments of the invention provide systems and methods for 

hydrogenating unsaturated feedstocks at reduced temperatures. Figure 2 
schematically illustrates a hydrogenation system 100 which may be used in 
hydrogenating a feedstock in accordance with certain embodiments of the 
invention. This hydrogenation system 100 includes a hydrogenation vessel 120 
including a wall 122 defining a hydrogenation vessel interior 124. A pressure 
control 127 may be used to monitor pressure within the hydrogenation vessel 120 
and control a vent valve 129 in a vent line 128 adapted to release excess 
hydrogen gas, water vapor, and other gases from the vessel 120. An agitator 
126, which may be directly analogous to the agitator 26 of Figure 1 described 
above, may be disposed in the hydrogenation vessel interior 124 to mix the 
reactants within the vessel 120. 
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(0041] The hydrogenated product may be removed from the hydrogenation vessel 

120 via an outlet 130. In the catalyst activation system 10 of Figure 1, the nickel- 
based catalyst was intended to remain within the catalyst composition exiting the 
activation vessel 20 via the outlet 30. In most intended applications of the 
hydrogenated product, it may be desirable to remove the nickel-based catalyst 
from the final hydrogenated product. As is known in the art, a filter 132 may be 
used to remove the nickel-based catalyst from the hydrogenated product exiting 
via the outlet 130. In some embodiments, the nickel-based catalyst removed by 
the filter 132 may be reused, either directly or after further processing. Such 
further processing may comprise, for example, repeating the activation process 
outlined above to reactivate the nickel-based catalyst. 

[0042] The hydrogenation system 100 also includes a thermal control 135 that 

may be operatively coupled to the hydrogenation vessel 120. In one embodiment, 
the thermal control 135 comprises a heat source, e.g., a radiative or conductive 
heater. In other embodiments, the thermal control 135 may instead be used to 
cool the contents of the hydrogenation vessel 120, e.g., to prevent the contents of 
the hydrogenation vessel 120 from exceeding a maximum desired temperature 
during the exothermic hydrogenation reaction conducted in the vessel 120. 

[0043] A controller 170 may be used to control operation of the hydrogenation 

system 100. The controller 170 may be operatively coupled to one or more of the 
agitator 126, pressure control 127, vent valve 129, thermal control 135, catalyst 
composition supply 140 (discussed below), feedstock supply 150 (discussed 
below), and hydrogen supply 160 (also discussed below). The controller 170, like 
the controller 70 of Figure 1, may comprise at least one computer having a 
programmable processor. The programmable processor may be programmed to 
control operation of the various components of the hydrogenation system 100 to 
appropriately hydrogenate the feedstock. 

[0044] A catalyst composition may be delivered from a catalyst composition supply 

140 to the hydrogenation vessel interior 124 via a delivery line 142. The catalyst 
composition in the catalyst composition supply 140 desirably comprises an 
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activated nickel-based catalyst composition capable of sustaining a 
hydrogenation reaction at a suitably low hydrogenation temperature. In many 
embodiments of the invention, the catalyst composition may comprise an 
activated catalyst composition such as that described above, including a nickel- 
based catalyst and a fat 
[0045] An unsaturated feedstock may be delivered to the interior 124 of the 

hydrogenation vessel 120 via a delivery line 152 from a feedstock supply 150. A 
wide variety of unsaturated feedstocks may be employed to yield different 
hydrogenated products. For example, the feedstock may comprise a petroleum 
fraction that may be hydrogenated to produce a medicinal white oil or medicinal 
paraffin. The hydrogenation system 100 and the activated catalyst composition in 
the supply 140, however, have particular utility in connection with hydrogenating 
seed oils, vegetable oils, and marine oils (e.g., fish oils). Suitable seed oils and 
vegetable oils include, but are not limited to, soybean oil, canola oil, palm oil, 
coconut oil, corn oil, high oleic sunflower oil, linseed oil, palmolein oil and 
cottonseed oil. If so desired, the feedstock can be a blend of seed oil(s) and/or 
vegetable oil(s). 

[0046] In one embodiment, the feedstock comprises at least one unsaturated 

organic component, e.g., an unsaturated (e.g., polyunsaturated) fatty acid or an 
unsaturated (e.g., polyunsaturated) hydrocarbon. For example, a feedstock 
comprising soybean oil or canola oil typically would include C18:2 and C18:3 fatty 
acids. 

[0047] The hydrogenation system 100 also includes a hydrogen supply 160 

adapted to deliver hydrogen to the reactants in the hydrogenation vessel 120 via 
a delivery line 162. In one embodiment, the hydrogen supply 160 comprises 
hydrogen gas, e.g., a commercial hydrogen gas consisting essentially of 
hydrogen. In other embodiments, the hydrogen supply 160 may include gases 
other than hydrogen. These other gases may be provided in a separate gas 
supply (not shown). As in the case of the hydrogen supply 60 of Figure 1, 
discussed above, the hydrogen supply 160 may, for example, include a separate 
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supply of ammonia or other nitrogen-containing compound, which may enhance 
selectivity of the hydrogenation reaction. If an edible food oil is to be produced in 
the hydrogenation system 100, though, it may be advantageous to omit use of 
ammonia or other nitrogen-containing compounds. 

[0048] Other embodiments of the invention provide methods of hydrogenating an 

unsaturated feedstock. In the following discussion of such methods, refers to 
Figure 2. It should be recognized, however, that methods in accordance with the 
invention may be conducted using any suitable equipment and the invention is not 
limited to the specific apparatus shown in Figures 1 and 2 and discussed above. 

[0049] In accordance with an embodiment of the invention, an unsaturated 

feedstock is contacted with a nickel-based catalyst in the presence of hydrogen. 
As noted above, the feedstock may comprise a variety of different materials, but in 
many embodiments of the invention the feedstock may comprise oil containing 
polyunsaturated fatty acids, e.g., seed oils or vegetable oils. The relative 
proportions of the feedstock and the catalyst composition added to the 
hydrogenation vessel 120 will depend, at least in part, on the nickel content of the 
catalyst composition. In one embodiment, the total nickel content of the combined 
catalyst composition and feedstock is no greater than 1 weight percent, e.g., 0.05- 
1 weight percent. In one embodiment found to work well, the total nickel content 
is about 0.1-0.3 weight percent of the combined catalyst composition and 
feedstock. The nickel-based catalyst may be dispersed within the feedstock, e.g., 
by activating the agitator 126. Although it may be possible to utilize catalysts in 
addition to the nickel-based catalyst from the activated catalyst composition, it is 
anticipated that the activated catalyst composition will be substantially the only 
catalyst source during the hydrogenation of the feedstock in most embodiments. 

[0050] As noted above, the activated catalyst composition may comprise a nickel- 

based catalyst dispersed in a fat matrix, e.g., a fully saturated fat component. If 
the catalyst composition is at a temperature below the melting point of the fat 
matrix, the fat matrix will limit interaction between the nickel-based catalyst and 
the feedstock in the hydrogenation vessel 120. If the catalyst composition is 
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employed above its melting point, though, the melted fat matrix may be mixed with 
the bulk of the feedstock, allowing the nickel-based catalyst to intimately mix with 
the feedstock. Accordingly, in one embodiment of the invention, the fat 
component of the catalyst composition has a melting point that is no higher than 
the temperature at which hydrogenation is to be conducted in the hydrogenation 
vessel 120, e.g., no higher than about 50° C. This melting point may be 
determined in accordance with ISO 6321, mentioned above. 

[0051] In other embodiments, it may be less desirable or less practical to employ a 

catalyst composition in which the fat component has a melting point lower than 
the intended hydrogenation temperature. To ensure adequate commingling of the 
nickel-based catalyst and the feedstock, it is preferable that such a catalyst 
composition be heated to a temperature at least as great as its melting point. 
This may be advantageously done prior to mixing the catalyst composition with 
the feedstock. Hence, in one embodiment the catalyst composition may be 
delivered from the catalyst composition supply 140 to the hydrogenation vessel 
120 at a temperature greater than the intended hydrogenation temperature. In 
such an embodiment, the catalyst composition supply 140 and/or delivery line 142 
may include a heater to elevate the temperature of the catalyst composition above 
the melting point of the fat component. This heated catalyst composition may 
then be added to a supply of the feedstock in the hydrogenation vessel 120. The 
feedstock in the hydrogenation vessel 120 may be at a temperature below the 
intended hydrogenation temperature and the addition of the warmer catalyst 
composition can elevate the combined temperature to the intended hydrogenation 
temperature. If further heating is needed to begin the hydrogenation process, the 
thermal control 135 may heat the contents of the hydrogenation vessel 120. 

[0052] Alternatively, the catalyst composition may be heated in the hydrogenation 

vessel 120 to a temperature at least as great as its melting point prior to the 
addition of the feedstock. In one particular embodiment, the nickel-based catalyst 
may be activated in the same reaction vessel that is used to carry out the 
hydrogenation reaction. Hence, in the context of Figures 1 and 2, the feedstock 
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supply 150 and the filter 132 may be added to the catalyst activation system 10 
and the feedstock may be added to the catalyst activation vessel 20 upon 
completion of the catalyst activation process. The activated catalyst composition 
may be at a temperature substantially higher than the intended hydrogenation 
temperature, but addition of the feedstock at a temperature below the intended 
hydrogenation temperature will cool the activated catalyst composition. 

[0053] In one embodiment, hydrogen is introduced to the feedstock in the 

hydrogenation vessel 20 before addition of the activated catalyst composition. 
For example, a batch of the feedstock to be hydrogenated may be added to the 
hydrogenation vessel 120, the pressure control 128 may reduce pressure in the 
hydrogenation vessel 120, and a flow of hydrogen from the hydrogen supply may 
be initiated. This will help to de-aerate the feedstock and create a reducing 
environment in the reaction vessel before the activated catalyst composition is 
added to the reaction vessel. De-aerating and introducing hydrogen in this 
fashion is anticipated to maintain higher hydrogenation activity in the nickel-based 
catalyst and limit frans-fatty acid formation. 

[0054] During hydrogenation, the pressure control 128 may be used to control the 

pressure in the hydrogenation vessel 120. As is known in the art, maintaining 
superatmospheric pressures in the hydrogenation vessel 120 can increase 
solubility of the hydrogen in an oil feedstock, facilitating hydrogenation. 
Appropriate pressures may depend, at least in part, on the nature of the 
feedstock. When hydrogenating food oils, for example, the pressure in the 
hydrogenation vessel 120 likely will remain less than 100 bars absolute (bar-a), 
e.g., 50 bar-a or less. In one embodiment, the pressure in the hydrogenation 
vessel 120 during hydrogenation is about 1-30 bar-a. 

[0055] A solvent may be added to reduce viscosity of the feedstock, promoting 

effective introduction and transport of hydrogen-containing gas. That is not 
believed to be necessary for hydrogenating most seed oils, vegetable oils, or 
marine oils, though, and may be disadvantageous when producing an edible oil 
for food applications. In one embodiment, therefore, the feedstock is a seed oil or 
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vegetable oil and the hydrogenation process is conducted substantially solvent- 
free. 

[oose] Suitable hydrogenation temperatures will depend in large part on the 

nature of the feedstock being hydrogenated. In one embodiment, however, the 
hydrogenation temperature is no greater than about 70° C, with temperatures of 
50° C or less being advantageous for hydrogenating seed oils, vegetable oils, or 
marine oils to produce a food oil with a low frans-fatty acid content. In one 
embodiment, the hydrogenation temperature is about 20-50° C, with a range of 
30-50° C being suitable for many food oils. 

[0057] As noted above, hydrogenation is an exothermic reaction. In some 

embodiments, the hydrogenation is initiated and sustained for a time at a 
hydrogenation temperature in one of the stated temperature ranges, but may 
increase beyond that range during hydrogenation. For example, the 
hydrogenation reaction may be initiated at a temperature not greater than about 
50° C and the temperature may be allowed to increase, e.g., about 20-30° C, 
during the course of the hydrogenation reaction. If so desired, the hydrogenation 
temperature is maintained within one of the stated temperature ranges (e.g., no 
greater than about 70° C) during the entire hydrogenation process. This may be 
accomplished, for example, by controlling the flow rate of hydrogen from the 
hydrogen supply 160 or by cooling the vessel with the thermal control 135. 

(0058] One measure for characterizing an average number of double bonds 

present in the triglycerides of an oil is the Iodine Value, which is typically 
determined by the Wijs method (A.O.C.S. Method Cd 1-25). For example, 
soybean oil typically has an Iodine Value of about 125-135 and canola oil typically 
has an Iodine Value of about 97-108. Because hydrogenation saturates the 
double bonds in the triglycerides, a decrease in Iodine Value will serve as a 
reasonable proxy of a measurement of the degree of hydrogenation. As a 
corollary, therefore, the rate of change of the Iodine Value for an oil can serve as 
a proxy for the rate of hydrogenation. 
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[0059J The rate of hydrogenation, and the rate at which the Iodine Value changes, 

may decrease as the number of double bonds in the oil decreases. An average 
Iodine Value change rate may be determined by determining the absolute 
difference between the initial Iodine Value of the oil prior to hydrogenation and the 
modified Iodine Value of the hydrogenated oil, and dividing that difference by the 
hydrogenation time. Average Iodine Value change rates of less than about 5/hour 
correspond to hydrogenation rates that are commercially unacceptable for most 
conventional food oils. Accordingly, in embodiments of the invention employed in 
manufacturing food oils, for example, the average Iodine Value change rate is 
desirably no less than about 5/hour. Average Iodine Value change rates of about 
6-30/hour are expected to suffice for many commercial food oil hydrogenation 
processes, with average Iodine Value change rates of about 10-20, e.g., about 
15, being typical for many embodiments of the invention. 

[0060] One of the purposes of hydrogenating an oil is to improve its stability, e.g., 

in air. For oils that include C18:3, e.g., soybean oil or canola oil, reducing the 
C18:3 content of the oil can significantly improve stability. Some other oils, e.g., 
sunflower oil, have relatively little C18:3, but may include other saturated or 
polyunsaturated fatty acids, e.g., C18:2. A number of industry-accepted tests 
determine the oxidative stability of an oil by measuring the "induction period" on a 
RANG IM AT, sold commercially by Metrohm Ltd. of Herisau, Switzerland. One 
exemplary RANCIMAT test is ISO/DIS 6886.2. Refined soybean and canola oils 
typically have induction periods at 120° C on the order of about 3.5 hours, with 
refined sunflower oil having a somewhat shorter induction time of about three 
hours at the same temperature. Hydrogenating an oil in accordance with 
embodiments of the invention may significantly increase the induction period of 
the oil being hydrogenated. In some embodiments of the invention, for example, 
the hydrogenation process desirably at least doubles the induction period. In one 
suitable example, the induction period at 120° C is about ten hours or more, which 
is more than double the standard 3-3.5 hour induction times for soybean, canola, 
and sunflower oils, for example. 
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[0061] Conventional wisdom dictates that seed oils or vegetable oils such as 

soybean or canola oils must be hydrogenated at temperatures of 100° C or higher 
to achieve commercially acceptable hydrogenation. Conventional wisdom also 
suggests that the lowest temperature at which a nickel-based catalyst will initiate 
hydrogenation is about 80° C and that hydrogenation at 80° C will take place at a 
commercially unattractive rate. As noted above, though, hydrogenating seed oils 
or vegetable oils at temperatures of 100° C or greater will increase the frans-fatty 
acid content of the oil to relatively high levels, typically greater than 15% of the 
fatty acid, with 15-20% being commonplace for semi-liquid hydrogenated frying 
oils. Increasingly health-conscious consumers are looking for oils with lower trans 
content and some industry standards are expected to require frans-fatty acid 
contents for food oils of no greater than 5%. 

[0062] Hydrogenating seed oils or vegetable oils with an activated catalyst 

composition in accordance with select embodiments of the invention yields 
partially hydrogenated oils with reduced frans-fatty acid levels. In one 
embodiment, for example, the feedstock comprises an oil in which 6% or more of 
the fatty acid content is C18:3. For example, soybean oils typically have C18:3 
contents on the order of about 7%, and canola oils often have C18:3 contents of 
9% or higher. Hydrogenating such a feedstock with an activated catalyst 
composition at a reduced hydrogenation temperature in accordance with an 
embodiment of the invention, e.g., 50° C or less, is anticipated to yield a pourable 
hydrogenated oil that is semi-liquid at typical storage temperatures of 20-25° C in 
which no more than about 2.5% (preferably no more than about 2%) of the fatty 
acid content is C18:3 and no more than about 10% (preferably no more than 
about 6%, e.g., 5% or less) of the fatty acid content is frans-fatty acids. 

[0063] The following examples illustrate aspects of select feedstock 

hydrogenation processes in the context of hydrogenating fully refined seed oils: 
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Hvdroqenation Example A 

[0064] About 3500 g of refined canola oil was heated to about 40° C in a 5-liter 

autoclave. The oil was flushed with hydrogen gas to help remove any air or 
oxygen dissolved in the oil. The first exemplary catalyst composition discussed 
above in Catalyst Activation Example 1 was heated to about 120° C to melt the 
hardened vegetable fat. About 35g of this heated catalyst composition was added 
and thoroughly mixed to the canola oil in the autoclave. While stirring with a 
hollow shaft agitator at a speed of about 1000 rpm, a flow of hydrogen gas 
through the oil was established and the pressure in the autociave was increased 
to about 10-15 bar. The temperature was maintained at about 40° C for about 
160 minutes. Table A identifies aspects of the fatty acid profile of the oil prior to 
hydrogenation (T=0 min.) and after hydrogenation (T=160 min.) 

Table A 

Component wt. % at T=0 min. wt. % at T=160 min. 



C18 1.8 12.4 

C18:1 61.3 63.7 

C18:2 19.8 13.6 

C18:3 9.0 2.0 

trans-fatty acids 1 .0 6.0 



[0065] The solid fat content of the hydrogenated oil was determined at 10° C and 

at 20° C by nuclear magnetic resonance. The solid fat content at 10° C (SFC 10) 
was about 13 weight percent and the solid fat content at 20° C (SFC 20) was 
about 6 weight percent. 

[0066] This hydrogenation process yielded a semi-liquid hydrogenated canola oil 

which is pourable at room temperature and has a C18:3 content of about 2 weight 
percent and a frans-fatty acid content of only about 6 weight percent. This is 
substantially less than half the typical 15-20 weight percent fraos-fatty acid 
obtained in conventional hydrogenation processes carried out at 100° C or more. 
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Hydrogenation Example B 



[0067] A second sample of the same refined canola oil was hydrogenated in a 

process directly analogous to the process outlined in the previous example. 
Instead of being hydrogenated at 40° C for 160 minutes, though, this sample was 
hydrogenated at 30° C for about 460 minutes while mixing with the agitator at a 
speed of about 1300 rpm. Table B identifies aspects of the fatty acid profile of the 
oil prior to and after hydrogenation. 

Table B 

Component wt. % at T=0 min. wt % at T=460 min. 



C18 1.8 16.3 

C18:1 61.3 60.2 

C18:2 19.8 12.9 

C18:3 9.0 2.0 

trans-fatty acids 1 .0 3.9 



10068] The SFC 10 was about 21 weight percent of the hydrogenated oil and the 

SFC 20 was about 1 1 weight percent of the oil. As with the preceding example, 
the resultant semi-liquid hydrogenated oil is pourable at room temperature and 
has a C18:3 content of 2 weight percent. In this second example, though, the 
frans-fatty content was only 3.9 percent. While this is superior to Hydrogenation 
Example A, the 460-minute hydrogenation time may prove unduly expensive for 
low-cost frying oils, margarines, bakery fats, or similar applications. 

Hydrogenation Example C 

10069] Soybean oil was hydrogenated in a process directly analogous to the 

process outlined above for the canola oil of Hydrogenation Example A. Table C 
identifies aspects of the fatty acid profile of the soybean oil prior to hydrogenation 
and after hydrogenation at 100 minutes (instead of 160 minutes employed in 
Hydrogenation Example A). 
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Table C 

Compon nt wt. % at T=0 min. wt. % at T=100 mln. 



C18 3.2 9.3 

C18:1 25.6 41.7 

C18:2 52.0 34.2 

C18.3 6.5 1.8 

trans-fatty acids 0.9 7.8 



[0070] The hydrogenated soybean oil had an SFC 10 of about 1 1 weight percent 

and an SFC 20 of about 4 weight percent. With a C18:3 content of less than 2 
weight percent, this pourable semi-liquid hydrogenated oil is expected to be 
stable for use as a frying oil, for example. Even so, this oil has a frans-fatty acid 
content of about 7.8 weight percent, less than half of the 15-20 weight percent 
typical for most conventionally partially hydrogenated oils. 

Hvdroqenation Example D 

[0071] About 3500 g of the same refined canola oil employed in Hydrogenation 

Example A was heated to about 40° C in a 5-liter autoclave and flushed with 
hydrogen gas as outlined above. Instead of using 35 g of the first exemplary 
catalyst composition at 120° C, though, about 70 g of the second exemplary 
catalyst composition (Catalyst Activation Example 2) was added as a solid at 
about 20° C to the 40° C oil and mixed with an agitator at about 1300 rpm. 
Hydrogen gas was flowed through the oil/catalyst combination and the pressure in 
the autoclave was increased to about 20-25 bar. The oil and catalyst was mixed 
at about 40° C for about 133 minutes. Table D identifies aspects of the fatty acid 
profile of the canola oil prior to and after the hydrogenation. 
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Table D 

Component wt. % at T=0 min. wt. % at T=1 33 min. 



C18 1.8 15.9 

C18:1 61.3 61.1 

C18:2 19.8 12.8 

C18:3 9 1.9 

trans-fatty acids 1.0 4.2 



IQ072J The hydrogenated canola oil had an SFC 10 of about 17 weight percent 

and an SFC 20 of about 8 weight percent. Hence, a pourable semi-liquid 
hydrogenated oil with a C18:3 content of under 2 weight percent was produced in 
a little over two hours with a frans-fatty acid content of only 4.2 weight percent. 
Even though the total nickel content of the catalyst composition/oil in the 
autoclave was about the same as in Hydrogenation Example A (the total nickel 
content of the second catalyst composition is about half that of the first catalyst 
composition), a hydrogenated oil with a lower frans-fatty acid content was 
achieved in slightly less time. 

Hydrogenation Example E 

[0073] A second sample of canola oil was hydrogenated in substantially the same 

manner as that outlined above in Hydrogenation Example D, except that only 56 
g, instead of 70g, of the second exemplary catalyst composition was added to the 
oil. Table E identifies aspects of the fatty acid profile of the oil prior to and after 
hydrogenation. 
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Table E 

Component wt. % at T=0 min. wt. % at T=131 min. 



C18 1.8 9.6 

C18:1 61.3 64.7 

C18:2 19.8 15.1 

C18:3 9.0 2.2 

trans-fatty acids 1.0 6.2 



[0074] The SFC 10 of the hydrogenated oil was about 8 weight percent and the 

SFC 20 was about 3 weight percent. Even with this reduced catalyst loading, a 
pourable semi-liquid hydrogenated canola oil with a C18:3 content of just over 2 
weight percent was produced in a little over two hours with a frans-fatty acid 
content well under half that typically achieved using conventional hydrogenation 
processes. 

Hydrogenation Example F 

[0075] About 10g of the refined canola oil of the preceding examples was added 

to a 100 ml flask and about 0.4 g of the second exemplary catalyst composition 
was added to the flask. The flask was flushed with hydrogen gas. The hydrogen 
gas pressure was raised to about 1 bar-A and the temperature was increased to 
about 40° C and the magnetic stirrer was rotated at about 600 rpm. A sample was 
removed from the flask about 66 minutes after the catalyst was first added to the 
flask. As identified in Table F, this test, which used more catalyst than the 
preceding examples, yielded a hydrogenated oil with a C18:3 content of only 1.4 
weight percent and a frans-fatty acid content of 8 weight percent, less than half of 
that typical for conventional hydrogenated oils, in little over an hour. 
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Table F 

Component wt. % at T=0 min. wt. % at T=66 min. 



C18 1.8 6.8 

C18:1 61.3 70.6 

C18:2 19.8 12.2 

C18:3 9.0 1.4 

trans-fatty acids 1.0 8.0 



Hvdroaenation Example G 

[0076] About 2700 g of the same refined canola oil identified above was added to 

a 5 liter autoclave, heated to 30° C, and flushed with hydrogen as identified 
above. About 30g of the first exemplary catalyst composition mentioned above 
was mixed with about 300g of the same refined canola oil in a separate container 
and heated under nitrogen to about 90* C and mixed to disperse the catalyst in 
the additional canola oil. The resultant slurry was mixed with the 2700 g of canola 
oil in the autoclave. The temperature was maintained at about 30° C with an 
agitator speed of about 1300 rpm for about 205 minutes at 10-15 bar. Table G 
lists aspects of the fatty acid profile of the canola oil prior to and after 
hydrogenation. 

Table G 

Component wt. % at T=Q min. wt. % at T=205 min. 



C18 1.8 10.9 

C18:1 61.3 59.5 

C18:2 19.8 13.0 

C18:3 9.0 1.8 

trans-fatty acids 1.0 3.9 
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(0077) The SFC 10 for the hydrogenated oil was about 16 weight percent and the 

SFC 20 measurement was about 8 weight percent This resultant hydrogenated 
oil compares very favorably with conventionally hydrogenated canola oil, having a 
C18.3 content of only 1.8 percent and a remarkably low frans-fatty acid content of 
3.9 weight percent with a hydrogenation time of a little over three hours. 

[0078J The above-detailed embodiments and examples are intended to be 

illustrative, not exhaustive, and those skilled in the art will recognize that various 
equivalent modifications are possible within the scope of the invention. For 
example, whereas steps are presented in a given order, alternative embodiments 
may perform steps in a different order. The various embodiments described 
herein can be combined to provide further embodiments. 

[0079J In general, the terms used in the following claims should not be construed 

to limit the invention to the specific embodiments disclosed in the specification 
unless the preceding description explicitly defines such terms. The inventors 
reserve the right to add additional claims after filing the application to pursue 
additional claim forms for other aspects of the invention. 
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CLAIMS 



1 . A method of hydrogenating an unsaturated feedstock, comprising: 
producing an activated catalyst composition by heating a nickel-based 

catalyst to a first temperature of at least about 100° C in the presence of 
hydrogen and a fat component; and, thereafter, 
contacting the unsaturated feedstock with the activated catalyst composition 
and hydrogenating the unsaturated feedstock by sustaining a 
hydrogenation reaction at a second temperature of no greater than about 
70° C, the feedstock comprising at least one unsaturated organic 
component. 

2. The method of claim 1 wherein the second temperature is no greater than 
about 50° C. 

3. The method of claim 1 wherein the second temperature is about 20-50° C. 

4. The method of claim 1 wherein the second temperature changes over the 
course of the hydrogenation reaction, the hydrogenation reaction being 
initiated at a second temperature no greater than about 50° C. 

5. The method of claim 1 wherein the second temperature changes over the 
course of the hydrogenation reaction, the hydrogenation reaction being 
initiated at a second temperature no greater than about 50° C, the 
hydrogenation reaction being completed without exceeding about 70° C. 

6. The method of claim 1 wherein the hydrogenation reaction changes an Iodine 
Value of the feedstock, the Iodine Value changing at an average rate of no 
less than about 5/hour at the second temperature. 
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7. The method of claim 1 wherein the hydrogenation reaction changes an Iodine 
Value of the feedstock, the Iodine Value changing at an average rate of about 
6-30/hour at the second temperature. 

8. The method of claim 1 wherein hydrogenating the unsaturated feedstock 
includes delivering a hydrogenation gas to the feedstock, the hydrogenation 
gas consisting essentially of hydrogen. 

9. The method of claim 1 wherein the nickel-based catalyst has a total nickel 
content of about 2-35 weight percent of the combined nickel-based catalyst 
and fat component. 

10. The method of claim 1 wherein the nickel-based catalyst has a total nickel 
content of about 2-35 weight percent of the combined nickel-based catalyst 
and fat component, and nickel comprises no more than about 1 weight 
percent of the combined unsaturated feedstock and activated catalyst. 

11. The method of claim 1 wherein the nickel-based catalyst is dispersed in the 
fat component, the fat component being a solid at room temperature and 
liquid at the first temperature. 

12. The method of claim 1 wherein contacting the unsaturated feedstock with the 
activated catalyst composition comprises dispersing the nickel-based catalyst 
in the unsaturated feedstock. 

13. The method of claim 1 wherein the feedstock comprises an oil and the at least 
one unsaturated organic component comprises a polyunsaturated fatty acid. 

14. The method of claim 1 wherein the feedstock comprises an oil and the at least 
one unsaturated organic component comprises an unsaturated hydrocarbon. 



[3344^8O05-US0000/SL031760.307] 



-30- 



7/31/03 



15. The method of claim 1 wherein the activated catalyst composition has a 
melting point that is higher than the second temperature. 

16. The method of claim 1 wherein the activated catalyst composition has a 
melting point that is no higher than the second temperature. 

17. The method of claim 1 wherein producing the activated catalyst composition 
includes hydrogenating the fat component, the activated catalyst composition 
comprising an activated catalyst dispersed in a hydrogenated fat matrix. 

18. The method of claim 17 wherein the hydrogenated fat matrix has a melting 
point that is higher than the second temperature. 

19. The method of claim 1 wherein the activated catalyst composition has a 
melting point that is higher than the second temperature, and wherein the 
activated catalyst composition is at a temperature at least as high as the 
melting point when added to the feedstock. 

20. The method of claim 1 further comprising introducing hydrogen into the 
feedstock before adding the activated catalyst composition. 

21. The method of claim 1 wherein the activated catalyst composition is 
substantially the only catalyst source during the hydrogenation of the 
feedstock. 

22. The method of claim 1 wherein hydrogenating the unsaturated feedstock 
produces a hydrogenated feedstock, further comprising cooling the 
hydrogenated feedstock from the second temperature to a third temperature 
under a hydrogen atmosphere. 
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23. The method of claim 1 wherein hydrogenating the unsaturated feedstock 
produces a hydrogenated feedstock, further comprising cooling the 
hydrogenated feedstock from the second temperature to a third temperature 
of no greater than about 35° C under a hydrogen atmosphere. 

24. A method of hydrogenating an oil having an initial Iodine Value and including 
an initial fatty acid content, at least about 4% of the initial fatty acid content 
comprising C18:3, the method comprising: 

dispersing a nickel-based catalyst in the oil; 
delivering hydrogen to the oil; and 

hydrogenating the oil at a hydrogenation temperature no greater than about 
70° C for a hydrogenation time to yield a hydrogenated oil having a 
modified Iodine Value and including a modified fatty acid content, wherein 
the hydrogenated oil is at least semi-liquid at 25° C, an absolute 
difference between the initial Iodine Value and the modified Iodine Value 
divided by the hydrogenation time defines an average Iodine Value 
change rate of no less than about 5/hour, and no more than about 2.5% of 
the modified fatty acid content comprises C18:3 and no more than about 
6% of the modified fatty acid content comprises frans-fatty acids. 

25. The method of claim 24 wherein the oil is at the hydrogenation temperature 
when initiating the hydrogenation and the oil is hydrogenated without adding 
external heat. 

26. The method of claim 24 wherein hydrogen is delivered to the oil before 
dispersing the nickel-based catalyst in the oil. 

27. The method of claim 24 wherein the nickel-based catalyst is included in a 
catalyst composition that also comprises a fat matrix. 
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28. The method of claim 25 wherein dispersing the nickel-based catalyst 
comprises melting the fat matrix. 

29. The method of claim 25 wherein the fat matrix has a melting point that is 
higher than the hydrogenation temperature. 

30. The method of claim 24 wherein nickel comprises no more than about 1 
weight percent of the combined oil and nickel-based catalyst. 

31. The method of claim 24 wherein the hydrogenation temperature is no greater 
than about 50° C. 

32. The method of claim 24 wherein the hydrogenation temperature is about 20- 
50° C. 

33. The method of claim 24 wherein the hydrogenation temperature changes over 
the course of the hydrogenation time, the hydrogenation reaction being 
initiated at a hydrogenation temperature no greater than about 50° C. 

34. The method of claim 24 wherein the hydrogenation temperature changes over 
the course of the hydrogenation time, the hydrogenation reaction being 
initiated at a hydrogenation temperature no greater than about 50* C and the 
hydrogenation temperature not exceeding about 70° C during the 
hydrogenation time. 

35. The method of claim 24 wherein the average Iodine Value change rate is 
between about 6/hour and about 30/hour. 

36. The method of claim 24 wherein delivering hydrogen to the oil comprises 
delivering a gas consisting essentially of hydrogen. 
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37. The method of claim 24 wherein the nickel-based catalyst is substantially the 
only catalyst source during the hydrogenation of the oil. 

38. The method of claim 24 further comprising cooling the hydrogenated oil from 
the hydrogenation temperature under a hydrogen atmosphere. 

39. The method of claim 24 further comprising cooling the partially hydrogenated 
feedstock from the second temperature to a third temperature of no greater 
than about 35° C under a hydrogen atmosphere. 

40. A method of hydrogenating an oil having an initial Iodine Value and an initial 
induction period, the method comprising: 

dispersing a nickel-based catalyst in the oil; 
delivering hydrogen to the oil; and 

hydrogenating the oil at a hydrogenation temperature no greater than about 
70° C for a hydrogenation time to yield a hydrogenated oil having a 
modified Iodine Value and a modified induction period, wherein an 
absolute difference between the initial Iodine Value and the modified 
Iodine Value divided by the hydrogenation time defines an average Iodine 
Value change rate of no less than about 5/hour f and the modified 
induction period is at least twice the initial induction period. 

41. The method of claim 40 wherein the initial induction period and the modified 
induction period are measured at about 120° C. 

42. The method of claim 40 wherein no more than about 6 weight percent of a 
total fatty acid content of the hydrogenated oil is frans-fatty acid. 

43. The method of claim 40 wherein the hydrogenation temperature is about 20- 
50°C. 
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44. The method of claim 40 wherein nickel comprises no more than about 1 
weight percent of the combined oil and nickel-based catalyst. 

45. A substantially platinum-free hydrogenation catalyst composition comprising: 
a solid hydrogenated fat matrix; and 

a nickel-based catalyst dispersed in the hydrogenated fat matrix, the nickel- 
based catalyst being adapted to sustain, in the presence of hydrogen, a 
hydrogenation reaction of a dielectric oil comprising polyunsaturated fatty 
acids at a temperature of no greater than about 50° C. 

46. The hydrogen catalyst composition of claim 45 wherein the total nickel 
content of the catalyst composition is about 2-35 weight percent of the 
combined nickel-based catalyst and fat matrix. 

47. The hydrogen catalyst composition of claim 45 wherein the total nickel 
content of the catalyst composition is about 2-35 weight percent of the 
combined nickel-based catalyst and fat matrix, the catalyst being adapted to 
sustain the hydrogenation reaction at the temperature when the nickel is 
present in the oil at a level of no more than about 1 weight percent of the 
combined oil, nickel-based catalyst, and fat matrix. 
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LOW-TEMPERATURE HYDRQGENATION. E.G.. OF EDIBLE OILS. AND LOW- 
TEMPERATURE HYDROGENATION CATALYST COMPOSITIONS 

ABSTRACT OF THE DISCLOSURE 

The present disclosure provides methods of hydrogenating unsaturated 
feedstocks, e.g., oils, and hydrogenation catalyst compositions. One exemplary 
method involves producing an activated catalyst composition by heating a nickel- 
based catalyst to a first temperature of at least about 100° C in the presence of 
hydrogen and a fat component. An unsaturated feedstock may be contacted with 
the activated catalyst composition and hydrogenated by sustaining a 
hydrogenation reaction at a second temperature of no greater than about 70° C. 
Some specific implementations of the invention permit the production of partially 
hydrogenated seed oils with low frans-fatty acid contents. 
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